Summary Mangiferin ( 3 ) and genkwanin 5-O -␤ -primeveroside ( 5 ) are the two major bioactive polyphenols with laxative property present in the extracts of agarwood ( Aquilaria sinensis ) leaves (AL). Here we developed an HPLC method to determine these bioactive components and four other major polyphenols in AL extracts and evaluated the pharmacological equivalence of organic and water extracts. Using mobile phase gradient conditions combined with UV detection at 330 nm, all six compounds were separated and we determined the relative extraction ratios of the six compounds present in A. sinensis extracts that were prepared under different conditions and compared the contents of the two laxative polyphenols present in the 60% ethanol extracts of A. sinensis and A. crassna . The polyphenols present in water extracts of 13 commercially cultivated A. crassna plants have also been analyzed. The laxative properties of 60% ethanol and four water extracts of A. crassna were evaluated by the frequency and weight of stools in loperamide-induced constipation model mice. The pharmacological equivalence of 60% ethanol extract and hot water (95˚C) extract was identified in mice.
Herbal supplements play an important role in public health. The polyphenols present in herbal supplements prevent metabolic syndrome and possess remarkable therapeutic properties. To ensure the stability and efficiency of these polyphenols in clinical use, the quality control system of herbal supplements should measure and regulate the phytoequivalence and pharmacological effects of these compounds. Generally, two strategies are employed for the quality control of herbal supplements: ( 1 ) to assess the batch-to-batch consistency of the chemical constituents of the herbal supplement based on chromatographic fingerprints and ( 2 ) to measure a few key pharmacological compounds to assess the quality of the supplement. The first strategy is a blind analysis because the quantitative chemical information about the major pharmacological constituents is lacking; therefore, the pharmacological effects of the herbal supplement cannot be easily assessed. The other strategy focuses only on a few index compounds and does not provide a comprehensive insight into the quality of the constituents present in the herbal supplement; therefore, this strategy cannot ensure phytoequivalence. Thus, a quality evaluation method for herbal supplement should be developed for simultaneous comprehensive elucidation of constituents based on chemical fingerprinting and quantitative analysis of important pharmacological compounds.
Aquilaria (Thymelaeaceae) is a woody plant that is native to Southeast Asia. A. sinensis and A. crassna , also known as incense trees, are two representative species of the Aquilaria ( 1 ). In Thailand, A. crassna is systematically cultivated for its resin, which is processed to manufacture perfume. The leaves, which are a source of bioactive polyphenols, are used as herbal tea. The major polyphenols in this plant are flavonoid glycosides, benzophenones, and xanthone (Fig. 1) . Recently, the laxative property of agarwood ( A. sinensis ) leaves (AL) was elucidated, and mangiferin ( 3 ) and genkwanin 5-O -␤ -primeveroside ( 5 ) were identified as bioactive components in its organic extracts ( 2 -4 ) . A supply of the plant material, pharmacological and toxicological properties, dosage form design, and qualitative information about its biochemical component are required for the functional food application of AL. The polyphenolic compounds in A. crassna and A. sinensis extracts should be identified, and the quality of the extracts should be standardized. Because of the lack of standard methods for sample preparation, extraction, and analyses, the protocol for quantification of polyphenolic compounds in AL has not been standardized. For commercial production of AL extracts in various formulations (tablet, granule, etc), water and organic extracts of chemical and pharmacological equivalence are essential. Sea-sonal and individual plant variations in the polyphenolic constituents of AL should be understood for the commercial application of AL based on harvest season.
We aimed to develop an HPLC analytical method for evaluating AL quality by simultaneously identifying six polyphenols and to confirm pharmacological equivalence of organic and water extracts. We also investigated the laxative property of AL extracts prepared by five methods to establish a correlation between the extracts' laxative property and bioactive polyphenolic compounds. Our study provides useful information required for standardized AL extracts for in vitro and in vivo studies and the authentication of AL-based supplements.
Materials and Methods
Materials . The following materials were collected, identified by one of co-authors (M.I.), and used for extraction. Each voucher specimen, numbers GP-AL-001-GP-AL-017, was deposited at the herbarium of Gifu Pharmaceutical University and Api Company Limited. The plant material of A. sinensis was collected from Taipei, Taiwan, in March 2008 (GP-AL-001) and used to determine the relative extraction ratios of the six polyphenols in various extracts of different conditional preparation (Table 1) and to prepare the 60% ethanol extract ( Table 2 ). The plant material of A. crassna was collected from Pechaboon, Thailand (GP-AL-002-GP-AL-017). GP-AL-002 in March 2008 was used to prepare 60% ethanol extracts (Table 2) . GP-AL-003-GP-AL-015 that was collected in November 2008 was used to prepare HPLC samples for analyzing differential polyphenolic constituents of individual A. crassna plant material (Table 3) . Materials collected in June 2009 (GP-AL-016) were used to prepare 60% ethanol and water extracts (Table 2) .
Chemicals and reagents . Ethanol (99%; Japan Alcohol Corporation Tokyo, Japan) was used for extraction and sample preparation. Reversed phase gel on cosmosil 140C 18 -OPN (Nacalai Tesque Inc., Kyoto, Japan) and Sep-Pak C 18 cartridge (Waters Co., Milford, USA) were used for column chromatography. Analytical grade methanol (Wako Pure Chemical Industries, Ltd., Osaka, Japan) was used for isolating standard samples. HPLCgrade acetonitrile, acetic acid, and trifluoroacetic acid (Tokyo Kasei Kogyo Co., Ltd., Tokyo, Japan) were used for HPLC analysis. Ultra-pure distilled water with a resistivity Ͼ 18 M ⍀ was obtained from a Milli-Q system (Millipore, Bedford, MA, USA). Samples for HPLC were filtered through a 0.45 m Millipore membrane filter (Millipore).
Isolation of standard sample . The isolation and identification of five phenolic compounds (iriflophenone 3,5-
, and genkwanin ( 6 )), was previously described ( 2 ) . In this study, 6.6 g of hot water extract (lot: WEAL-0910) was subjected to reversed phase column chromatography (60 ϫ 4 cm) eluted with a methanol/water mixture, decreasing in polarity (5-40% MeOH); 15 fractions (Fr. 1-5) were obtained. Iriflophenone 3-C -␤ -glucoside ( 2 ) (500 mg) was obtained from Fr. 7 by further purification using column chromatography over Sep-Pak C 18 (15% MeOH). The structure of 2 was elucidated by comparing it with reported 1 H/ 13 C NMR data ( 5 ). After confirming purity (95% Ն UV absorption area [330 nm]) by HPLC-UV analysis, each isolate was authorized as an analytical standard.
HPLC system and conditions . The Shimadzu HPLC system (Shimadzu Corporation, Kyoto, Japan) is composed of an SCL-10AVP system controller, two LC-6AD pumps, a DGU-20A3 line-degasser, a CTO-10AVP column oven, an SIL-10AXL auto sampler, and SPD-10A UV-VIS detector. A Sunniest ODS column (5 m particle size, 4.6 mm i.d. 250 mm; ChromaNik Technologies Inc., Osaka, Japan) was used throughout all qualitative chromatographic experiments. The column temperature was set at 40˚C, and eluted compounds were detected by monitoring UV absorbance at 330 nm. The chromatographic data were collected and processed using Class VP Software (Version 6.14, Shimadzu Corporation). The mobile phase systems used here were 0.1% acetic acid-acetonitrile. Solvents for mobile phase were water-0.1% acetic acid (A) and acetonitrile-0.1% acetic acid (B). The gradient programmer was used according to the following procedure: 0-30 min, linearly increase B from 10 to 50% B; 30-40 min hold on 50% B. The flow rate was 1.0 mL/min and the volume Preparation of standard solution . The standard solutions were prepared by dissolving an amount (given in parenthesis) of each substance in ethanol solution to obtain the desired concentration: iriflophenone 3,5-C -␤ -diglucoside ( 1 ) (600.0 g/mL), iriflophenone 3-C -␤ -glucoside ( 2 ) (600.0 g/mL), mangiferin ( 3 ) (600.0 g/mL), iriflophenone 2-O -␣ -rhamnoside ( 4 ) (40.0 g/ mL), genkwanin 5-O -␤ -primeveroside ( 5 ) (100.0 g/ mL), and genkwanin ( 6 ) (40.0 g/mL).
Calibration method . The standard solution of each compound was prepared from the stock solution by dilution with 50% ethanol to yield concentrations of 1 : The calibration curve was plotted using the ratio of the peak areas as the y -axis and concentrations as the x -axis. Linear regression was used to evaluate y ϭ ax and the correlation coefficient ( r 2 ). The limit of detection (LOD) was determined as the concentration resulting in a peak height greater than three times the baseline noise level (S/N 3).
Validation . The standard stock solutions were diluted with 50% ethanol to three different concentrations. Intraday test (injecting each concentration three times within 24 h) and interday tests (injecting each concentration three times for 3 and 7 d with an interval of 24 h between each injection) tests were performed to check reproducibility. The standard deviation (SD) and relative standard deviation (RSD) were calculated.
Preparation of HPLC sample solutions from dry AL leaves . To obtain better extraction rates of the six polyphenols from AL, solvents such as ethanol (20-80%) and water were used. A 1.00 g batch A. sinensis leaves (GP-AL-001) was extracted by 19 different methods using various ratios of EtOH/water at 30-95˚C (A-S) as listed in Table 1 . The following extraction methods were used:
A-C and E-S: Addition of 50 mL solvent and stored for 24 h. D: Addition of 50 mL of hot water (95˚C) and then kept at 95˚C for 1 h.
All extracts were directly filtered through a filter (0.45 m) and analyzed using HPLC. The extraction was conducted in triplicate.
For comparison of commercially cultivated materials, HPLC samples were prepared by method D using GP-AL-003-GP-AL-015 (Table 3) .
Preparation of dry extracts. Dry extracts of GP-AL-001 (60EEAL-A) and GP-AL-002 (60EEAL-B) were prepared based on method K ( Table 2 ). The materials were extracted by 60% EtOH (400 mL, 30˚C) for 24 h; the filtrates were evaporated to produce dry powders (yield: 19.6-21.9% from the plant materials). Dry extracts for the laxative test were prepared based on A, B, C, D, and K using 50 g batches of GP-AL-16 and 1 L of solvents, which yielded five extracts: WEAL30, WEAL50, WEAL70, WEAL95, and 60EEAL-C, respectively (yield: 18.7-22.6%) ( Table 2) .
Preparation of HPLC sample solutions from dry extracts. The dried 60% ethanol extracts (200 mg each; lot: 60EEAL-A, 60EEAL-B, and 60EEAL-C) were dissolved in 60% ethanol (100 mL) for 2 h at room temperature after sonication for 15 min. After filtration (0.45 m filter), 5 L filtrate was injected into the HPLC system. The water extracts (200 mg each; lot: WEAL30, WEAL50, WEAL70, and WEAL95) were dissolved in water (100 mL) and treated in the same manner as 60% ethanol extracts for HPLC analysis. Animals. Male ddY mice (6 wk old) were purchased from Japan SLC, Inc. (Hamamatsu, Japan). The animals were housed at a controlled room temperature (24.5-25.0˚C) with a 12/12 h light/dark cycle. Food pellets (CE-2, CLEA Japan, Inc., Tokyo, Japan) and tap water were provided ad libitum. All animal experiments were carried out according to the Principles of Laboratory Animal Care (NIH publication number 85-23, revised 1985) and Guidelines of the Animal Investigation Committee of Gifu Pharmaceutical University.
Bioassay method. The frequency and total wet weight of stools were measured for each mouse over 8 h at 2-h intervals (0-2, 2-4, 4-6, 6-8) using the loperamide-induced constipation mouse model (nϭ5); frequency was measured as number of stool pellets. Five extracts (WEAL30, WEAL50, WEAL70, WEAL95, and 60EEAL-C) followed by loperamide hydrochloride (5 mg/kg) or distilled water (control) were orally administrated to the mice 1 h after sample administration (500 mg/kg and 1,000 mg/kg). The mice were individually kept in small, transparent cages (11 cm height, 17.5 cm width, and 11 cm depth). Data are presented as meanϮSE. Statistical comparisons were made with the Dunnett's multiple comparison test (JSTAT for Windows; Vector, Tokyo, Japan).
Results and Discussion

HPLC method to quantify six polyphenols
All marker polyphenols were successfully separated in a single HPLC run for both 60% ethanol and water AL extracts. By using gradient elution, iriflophenone 3,5-C-␤-diglucoside (1), iriflophenone 3-C-␤-glucoside (2), mangiferin (3), iriflophenone 2-O-␣-rhamnoside (4), genkwanin 5-O-␤-primeveroside (5), and genkwanin (6) were resolved and eluted at 8.5, 9.2, 11.0, 14.0, 17.7, and 35.9 min, respectively (Fig. 2) . The peak purity of each polyphenol in the AL extracts was assessed by diode array detection and electrospray ionization mass spectrometry methods, which displayed superimposed results (UV spectrum, pseudomolecular ion peak ([MϩH ϩ ]), and fragment ion peaks) with that of respective standard data (data not shown). Therefore, the analytical conditions can be used to quantify marker substances. All calibration curves exhibited 
Comparative HPLC analysis of AL leaves extracts
Three comparative HPLC analyses (1)- (3) were undertaken based on the concentration of six polyphenols (1-6) using the extracts prepared from GP-AL-001-GP-AL-016. These approaches aimed to determine the commercial utilization of A. crassna.
(1) Because aqueous ethanol and water are often used for the manufacture of herbal supplements, we compared the chemical constituents of the extracts obtained by the 19 extraction methods A-S in order to set standard protocols for extraction ( Table 1 ). The results show that each method bears different relative extraction ratios of 1-6 and the most efficient methods for each compound, which indicates that the best method for yielding one of the laxative polyphenols (genkwanin 5-O-␤-primeveroside) is method P (80% ethanol, kept at 70˚C for 24 h). Polyphenol contents of the extracts were determined by the sum of six polyphenols (1-6), which indicated that the methods G, J, M, O, and P are more effective for the extraction of all six polyphenols. However, in terms of safety in a large-scale manufacturing process, method K (60% ethanol, kept at 30˚C for 24 h) would be better for yielding an aqueous ethanol extract. Method K had relative extraction ratios of two laxative polyphenols as 86.0% (mangiferin) and 44.7% (genkwanin 5-O-␤-primeveroside). On the other hand, method D (hot water, kept at 95˚C for 1 h) had the best result among the water extracts of genkwanin 5-O-␤-primeveroside (45.6%). Methods D and K were applied as standard protocols for preparation of water and aqueous ethanol extracts. The HPLC samples prepared by the methods D and K afforded similar HPLC chromatograms, indicating the component similarity of the extracts (Fig. 1a and b) .
(2) Our strategy required the use of A. crassna leaves as commercial raw material for a stable production and supply of herbal supplements, while our primary study Table 2 ). The data supported the component similarity of the two species and allowed us to use A. crassna as a commercial plant material. (3) We collected A. crassna leaves from 13 individual trees cultivated under different conditions, ranging from 2 to 10 y of age (GP-AL-003-GP-AL-015); the contents of 1-6 in each tree were analyzed ( Table 3 ). The two 10-y-old A. crassna trees, GP-AL-013 and GP-AL-004 displayed the maximum (9.9 mg/g) and minimum (2.7 mg/g) amount of 3, respectively (mean: 5.9 mg/g) and maximum (2.2 mg/g; 3-y material) and minimum (0.30 mg/g; 3-y material) content of 5, respectively (mean: 0.86 mg/g). These results indicate that the age of the tree does not affect the polyphenolic contents and should not influence plant harvesting.
Other conditions e.g., soil, duration of daylight exposure, and use of chemical fertilizers may influence the concentration of 1-6. The cultivation histories of the 13 individual tree are supervised by the laboratory. Among these, GP-AL-010 and GP-AL-011 exhibited the highest concentration of 3 and 5. Ideal conditions for commercial cultivation and production of AL leaves from these trees (not shown) have been developed from these results. 
